Personalized approach to perioperative anaesthetic management of thyroidectomy in patients with thyrotoxicosis
Introduction
Excessive amount of thyroid hormones in the blood leads to disturbances in various organs and systems as well as to the clinical manifestations of thyrotoxicosis. The main clinical symptoms of thyrotoxicosis are due to increased secretion of thyroxine (T 4 ) and triiodothyronine (T 3 ), enhanced sensitivity to catecholamines. Excessive synthesis of T 4 and T 3 causes an increase in body metabolism, caloric effect, and fat and protein catabolism, which leads to numerous clinical signs, as it predominantly affects the cardiovascular system (heart rhythm disorders, tachycardia, atrial fibrillation) [1, 2] . The heart rate increases to 90-150 bpm (even at rest and asleep). Thyrotoxicosis is accompanied by resistance arterioles dilation and blood circulation decentralization. It has been proved by I. Klein and S. Danzi [3] that hyperthyroidism negatively affects cardiovascular haemodynamics and results in heart failure with high cardiac output, and, at late stages, in dilated cardiomyopathy. The work of P.M. Osu na et al. [4] shows that early and effective hyperthyroi dism treatment can prevent congestive heart failure; the atrial fibrillation management and prevention of thromboembolic events are essential aspects of hyperthyroidism treatment. According to meta-analysis [5] total thyroidectomy has advantages over the antithyroid therapy for the long-term thyrotoxicosis management.
The multiplicity of target organ damages among the patients with thyrotoxicosis, indecisive benefits of inhalation anaesthesia (IA) or total intravenous anaesthesia (TIVA) in thyroidectomy, advantages or disadvantages of regional anaesthesia, such as bilateral superficial cervical plexus block (BSCPB) [6] [7] [8] , the lack of data about the IA and TIVA effects on central haemodynamics in thyrotoxicosis patients during thyroid surgery require further research, improvement of anaesthetic management in the perioperative period, and the development of a patient-oriented approach [9] .
The purpose of the study: to improve the results of anaesthesia organisation in surgical treatment of thyrotoxicosis patients by choosing the anaesthesia method and optimizing perioperative anaesthesia. To achieve this aim, the following tasks were accomplished: analysis of the anaesthetic risks, the incidence of concomitant cardiac and non-cardiac pathology, the anaesthesia organisation peculiarities and the course of anaesthesia in patients with thyrotoxicosis who underwent thyroidectomy in a specialised endocrinology centre by analysing the patient's history and anaesthetic maps; analysis of the parameters of central haemodynamics in patients with thyrotoxicosis during thyroidectomy with the use of IA and TIVA; comparison of the combined BSCPB anaesthesia techniques with the use of minimal flow anaesthesia (MFA) (sevoflurane) or TIVA (propofol) and monoanaes thesia; evaluation of the pharmacoeconomic aspects of minimal flow anaesthesia/low flow anaes thesia (LFA) with sevoflurane or TIVA with propofol.
Materials and methods
The research has been carried out at the scientific department of Ukrainian Scientific and Practical Centre of Endocrine Surgery, Transplantation of Endocrine Organs and Tissues in two stages. At the first stage, the study concentrated on retrospective (2015) and prospective analysis (2016-2017) of 440 cases and anaesthetic maps of thyrotoxicosis patients who underwent thyroid surgery in 2015-2017 in order to identify the type and incidence of concomitant pathology, the specific features of general anaesthesia depending on the type of anaesthesia (TIVA or IA) and its complications. The second stage included a prospective study for the period from January 2016 to September 2017 involving 175 thyrotoxicosis patients who underwent thyroidectomy. 175 patients were randomized into 2 groups (adaptive randomization). 88 patients formed a group of balanced analgesia (BA), where a balanced (multimodal) analgesia (BMMA) was used with the mandatory implementation of the BSCPB as a component of BA [10] . The control group consisted of 87 patients with thyrotoxicosis who underwent thyroidectomy with the traditional me thod of general anaesthesia. Depending on the type of anaesthesia, the group of balanced analgesia and control group were finally divided into the following subgroups: balanced analgesia-sevoflurane (BA-S) -44 patients, balanced analgesia-propofol (BA-P) -44, control-sevoflurane (C-S) -46, control-propofol (C-P) -41 individuals. Surgical interventions were performed under general anaesthesia with mechanical ventilation in the form of LFA or MFA with sevoflurane or using traditional method -TIVA with propofol. The anaesthetic depth control was performed by bispectral index (BIS) monitoring in the BA-S and BA-P subgroups, in the control subgroups -over the clinical course and the anaesthetic inhalation concentration at the end of the exhalation (C-S subgroup).
The perioperative stage was divided into the following parts: 1 -primary examination by an anaesthesiologist; 2 -the patient arrival at the operating room (the patient is on the operating table connected to the monitor); 3 -immediately after anaesthesia induction and tracheal intubation; 4 -surgery start; 5 -thyroid removal; 6 -after wound suturing (end of surgery); 7 -24 hours after surgery.
At all stages the physical assessment was done according to the requirements of American Society of Anaesthesiologists (ASA), the same as the haemodynamic parameters, namely: systolic (BPsys), diastolic (BPdia) and mean (MBP) blood pressure, pulse pressure (PP), heart rate, blood oxygen saturation, stroke volume and cardiac output (CO), cardiac index (CI), oxygen delivery (DO 2 ), etc. [11, 12] . The pain level was evaluated by the visual analogue scale (VAS) 3, 6, 12, 24 hours after surgery [13] . The analgesic consumption, the incidence of postoperative nausea and vomiting (PONV) syndrome were also evaluated [14] . The time from the end of the surgery to extubation and eye opening was evaluated. The pharmacoeconomic analysis was applied to compare the cost of general anaesthesia with sevoflurane in different fresh gas flows (FGF) and propofol dosed with BIS monitoring or the stepdown regime technique [15] [16] [17] [18] .
Results
The evidence from this study suggest that the overwhelming majority of thyrotoxicosis patients undergoing thyroidectomy (67.7 %) are persons with diffuse toxic goitre (DTG), 23.6 % -with multinodular goitre (MNG) and thyrotoxicosis syndrome; 5.0 % -with toxic thyroid adenoma; the rest were the patients with recurrent DGT or MNG and individuals with combined thyroid pathology (thyroid cancer due to DGT or toxic MNG). According to ASA only 105 patients (23.9 %) of the total amount had a minimal anaesthetic risk -ASA I, the rest -ASA II-IV. The number of patients with ASA III was as follows: 33.7 % in the MNG group, 50.0 % in the MNG group with papillary cancer and 13. The results indicate that both IA with sevoflurane and TIVA with propofol have an effect on hemodynamic parameters. The highest depression of haemodynamic parameters (BPsys, BPdia, MBP, PP, CO, CI, general peripheral vascular resistance (GPVR)) was noted at the stage 3 -after anaesthesia induction, tracheal intubation and the initiation of anaesthesia with sevoflurane or propofol.
The evidence was found that IA and TIVA negatively affect DO 2 . Statistical discrepancies were obvious at stages 3-6. Thus, at stage 3, the highest values of DO 2 were noted in the BA-P subgroup; at stages 4-6 -in the BA-S subgroup, which had statistical significance with other subgroups.
A significant difference (p < 0.01) was also observed between the BA-S and C-S subgroups, which is due to more aggressive induction of sevoflurane in the C-S subgroup. The study ensures that both LFA and MFA do not result in tissue hypoxia with the indicated FGF. There is a definite correlation between CO, CI and GPVR obtained while using Doppler echocardiography and estimated continuous cardiac output. It was found that in the subgroups of IA with sevoflurane, there was a statistically significant (p < 0.01) decrease in CO compared to TIVA at the stages of induction and beginning of the surgery. The use of the initial FGF = 2000 ml/min and MFA with FGF = 400 ml/min with basic IA in subgroup BA-S reduces DO 2 to a lesser extent compared to FGF = 4000 ml/ min and LFA with FGF = 500-700 ml/min in the C-S subgroup. Dosed TIVA by BIS suppresses CO to 3-4 degrees and reduces DO 2 to a lesser extent (Tables 1-4) .
The intraoperative consumption of analgesics, in particular fentanyl, is significantly (p < 0.05) statistically lo wer when MFA/LFA with sevoflurane is administered than in combined anaesthesia using BSCPB. The comparison of monoanaesthesia and TIVA with propofol showed the same results. BMMA with BSCPB in addition to anaesthesia with sevoflurane or propofol reduces the need for intraoperative opioid use, in particular fentanyl, compared to controls. The combination of dexketoprofen with cyclooxygenase-3 inhibitors (paracetamol or metamizole) in the BA-S and BA-P subgroups maintained long-term anaesthetic and analgesic effects of BSCPB and allowed the use of a significantly (p < 0.05) lower dose of dexketoprofen: according to the Wilcoxon criterion the use of dexketoprofen was significantly lower (p < 0.05) during the first 24 postoperative hours in the BA-S (124.6 ± 4.8 mg) and BA-P (122.4 ± 4.6 mg) subgroups compared to controls, where it was 146.8 ± 6.5 and 142.5 ± 5.8 mg in the C-S and C-P subgroups, respectively. The BMMA using BSCPB, dexamethasone and dexketoprofen was more effective than traditional multicomponent anaesthesia with narcotic and non-narcotic analgesics in control subgroups, regardless the basic anaesthesia type (inhalation or TIVA). The BA-S subgroup had the best postoperative anaesthesia level, a significantly (p < 0.05) lower pain score (VAS) in the first 6 hours compared with other subgroups; significant (p < 0.05) difference in Wilcoxon criterion regarding the pain level by VAS remained in the BA and control subgroups for 12 hours after surgery (the level of VAS was lower in the BA subgroups) ( Table 5) .
Discussion
Thus, the BA-S subgroup had the best level of postoperative anaesthesia with significantly (p < 0.05) lower pain (VAS) in the first 6 hours compared to other subgroups; significant (p < 0.05) difference in VAS score (Wilcoxon test) maintained between the BA and C-S and C-P subgroups for 12 hours after surgery (VAS score was lower in both BA subgroups). Better nociceptive monitoring with combined anaesthesia contributes to significantly lower intraoperative blood loss -44.03 ± 3.71 ml compared to 69.57 ± 4.47 ml in monoanaesthesia. The best antiemetic scheme was proved to be the use of BA combined with basic anaesthesia with propofol in the BA-P subgroup with the addition of metoclopramide before anaesthesia induction. The highest number of patients who did not experience PONV was 77.3 %. BSCPB use leads to lower incidence of PONV. The lowest PONV values were noted in the BA-P subgroup -the overall rate of PONV was 22.7 %, clinically significant PONV -only 9.1 %. The difference in the PONV frequency in the BA-P subgroup was statistically insignificant, but was clinically lower (by 4.6 %) than the overall PONV frequency in the BA-S subgroup (27.3 %). The lowest incidence of clinically significant PONV was 9.1 %, the lowest overall PONV score was 0.36 ± 0.11 (all indicators were significantly lower than in the control subgroups, C-S and C-P). The findings confirmed that both the time before extubation and the time before eye opening in the subgroups were statistically significant (p < 0.001) in TIVA compared to IA, both with BIS monitoring and without it. Indicators of both extubation and eye ope ning time in subgroups were significantly (p < 0.001) statistically lower in TIVA compared to IA, with BIS monitoring and without it. It has been investigated that in BIS monitoring compared with the end-tidal anaesthetic concentration monitoring, the average time from wound suturing to extubation and time to eye opening after extubation were significantly lower (p < 0.01) in the BA-S subgroup (9.21 ± 0.73 min and 3.21 ± 0.12 min, respectively) compared to C-S (12.63 ± 0.62 min and 6.34 ± 0.15 min). In TIVA subgroups, while using BIS monitoring, the mean time from wound suturing to extubation was 8.63 ± 0.62 min and 11.41 ± 0.82 min in the BA-P and C-P subgroups, respectively (the difference was significant, p = 0.0083). The time of eye opening after extubation was 2.81 ± 0.14 min in the BA-P subgroup and 4.56 ± 0.13 min in the C-P subgroup (the difference was significant, p < 0.0001).
Individual approach to the inhaled and intravenous anaesthetic administration and correction under the control of BIS monitoring give an opportunity to personalize general anaesthesia.
The study also demonstrated a statistically significant (p < 0.05) decrease in the intraoperative analgesic consumption in MFA/LFA with sevoflurane (BA-S -283.4 ± 12.4 μg/per operation and C-S -376.9 ± 12.9 μg) compared to TIVA with propofol (BA-P -353.4 ± 15.4 μg and C-P -443.7 ± 19.0 μg, respectively). The values of the lo west (BA-S subgroup) and the highest (C-P subgroup) fentanyl consumption were significantly different in 3 other
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Оригінальні дослідження /Original Researches/ subgroups. The anaesthetic costs were lowest in the BA-S subgroup, where the minimum FGF was 400 ml/min, and the initial FGF = 2000 ml/min, the cost of anaesthesia was 170.2 ± 4.2 UAH (Dion's equation), 183.3 ± 4.1 UAH (EMM calculation). The low-flow IA in the C-S subgroup (FGF = 500 ml/min) costed 186.2 ± 6.6 UAH (Dion's equation) and 203.8 ± 7.8 UAH (EMM calculation), and have significant economic advantages (p < 0.05) compared to TIVA with propofol. When using FGF = 700 ml/min, the expenses for IA (Dion's equation -226.8 ± 8.6 UAH, EMM -258.2 ± 7.8 UAH) and TIVA with propofol (231.4 ± 5.1 UAH and 238.8 ± 5.2 UAH, respectively, in the BA-P and C-P subgroups, p = 0.3808) did not show a statistically significant difference. In the C-S subgroup with the use of FGF = 700 ml/min (n = 21), the costs were 226.8 ± 8.6 UAH (Dion's equation), and 258.2 ± 7.8 UAH (EMM).
Conclusions
The study provides considerable evidence for the modern thyroid surgery. The findings confirm the improvement of surgical treatment in thyrotoxicosis patients by choosing the method of anaesthesia and optimizing the perioperative anaesthesia. The new reliable data obtained allowed solving the current problem of anaesthesia management in thyrotoxicosis patients. The evidence from this study points towards the idea of a personified approach to the general anaesthesia and perioperative anaesthesia choice using a combination of balanced analgesia and modern methods for anaesthesia control.
The results of this study indicate that thyrotoxicosis deteriorates the physical status of the patient according to ASA. 76.1 % of 440 patients with thyrotoxicosis had ASA II-IV class. 21.1 % of patients were at high risk -ASA III and IV.
The study highlights the negative impact of IA with sevoflurane and TIVA with propofol on the hemodynamics and oxygen delivery.
Our investigations in this field seem likely to confirm the hypothesis that combined anaesthesia with BSCPB performed as a pre-emptive analgesia using MFA with sevoflurane or TIVA with propofol provides statistically (p < 0.05) significant improvement in pain relief compared to monoanaesthesia.
The study also demonstrates that the intraoperative analgesic consumption is significantly lower in MFA/ LFA with sevoflurane compared to TIVA with propofol. Персоніфікований підхід до періопераційного анестезіологічного менеджменту тиреоїдектомій у пацієнтів із синдромом тиреотоксикозу Резюме. Актуальність. Робота присвячена вирішенню актуального завдання сучасної тиреоїдної хірургії -по-ліпшенню результатів хірургічного лікування пацієнтів із синдромом тиреотоксикозу. Мета дослідження -розро-бити персоніфікований підхід до вибору методу загальної анестезії (ЗА) та періопераційного знеболювання із засто-суванням комплексу збалансованої аналгезії та сучасних методів контролю за перебігом анестезії. Матеріали та методи. На першій стадії проведено ретроспективний і проспективний аналіз (2016-2017) 440 випадків і карт па-цієнтів з тиреотоксикозом, які перебували на стаціонар-ному лікуванні з приводу тиреоїдектомії в 2015-2017 рр., для ідентифікації супутньої патології, визначення особли-востей загальної анестезії залежно від виду анестезії та її ускладнень. Друга стадія полягала в проспективному до-слідженні за участю 175 пацієнтів із тиреотоксикозом піс-ля тиреоїдектомії. Результати. Синдром тиреотоксикозу погіршує фізичний статус пацієнта за критеріями Аме-риканської асоціації анестезіологів. Як інгаляційна, так і тотальна внутрішньовенна анестезія негативно впливають на показники гемодинаміки та доставку кисню. Встанов-лено, що поєднана анестезія із білатеральною блокадою поверхневого шийного сплетення на тлі застосування інгаляційної низькопотокової або тотальної внутрішньо-венної анестезії забезпечує кращий рівень знеболювання порівняно з моноанестезією. Найкращою антиеметичною схемою є використання ЗА на тлі базової анестезії про-пофолом із додаванням метоклопраміду перед індукцією анестезії. Індивідуалізація подання та корекція дози газо-вого або внутрішньовенного анестетиків під контролем BIS-моніторингу дають змогу досягнути персоніфікації загальної анестезії. Найбільш економічно доцільним є ви-користання ІА севофлураном за мінімально-потоковим контуром (FGF = 400 мл/хв). Висновки. Розроблено алго-ритм анестезіологічного менеджменту в пацієнтів із син-дромом тиреотоксикозу при тиреоїдектоміях із обґрунту-ванням використання інгаляційної низькопотокової або тотальної внутрішньовенної анестезії. Отримані нові віро-гідні дані дозволили розробити персоніфікований підхід до вибору методу загальної анестезії та періопераційного знеболювання із застосуванням комплексу ЗА та сучасних методів контролю за перебігом анестезії. Персонифицированный подход к периоперационному анестезиологическому менеджменту тиреоидэктомий у пациентов с синдромом тиреотоксикоза Резюме. Актуальность. Работа посвящена решению акту-альной задачи современной тиреоидной хирургии -улуч-шению результатов хирургического лечения пациентов с синдромом тиреотоксикоза. Цель исследования -разрабо-тать персонифицированный подход к выбору метода об-щей анестезии (ОА) и периоперационного обезболивания с применением комплекса сбалансированной аналгезии и современных методов контроля за ходом анестезии. Ма-териалы и методы. На первой стадии проведен ретроспек-тивный и проспективный анализ (2016-2017) 440 случаев и карт пациентов с тиреотоксикозом, которые находились на стационарном лечении по поводу тиреоидэктомии в 2015-2017 гг., для идентификации сопутствующей патологии, определения особенностей общей анестезии в зависимости от вида анестезии и ее осложнений. Вторая стадия заключа-лась в проспективном исследовании при участии 175 паци-ентов с тиреотоксикозом после тиреоидэктомии. Результа-ты. Синдром тиреотоксикоза ухудшает физический статус пациента согласно критериям Американской ассоциации анестезиологов. Как ингаляционная, так и тотальная вну-тривенная анестезия негативно влияет на показатели гемо-динамики и доставку кислорода. Установлено, что комби-нированная анестезия с билатеральной блокадой поверх-ностного шейного сплетения на фоне применения инга-ляционной низкопотоковой или тотальной внутривенной анестезии обеспечивает лучший уровень обезболивания по сравнению с моноанестезией. Лучшей антиэметической схемой является использование OA на фоне базовой ане-стезии пропофолом с добавлением метоклопрамида перед индукцией анестезии. Индивидуализация подачи и кор-рекция дозы газового или внутривенного анестетиков под контролем BIS-мониторинга позволяют достичь персони-фикации общей анестезии. Наиболее экономически це-лесообразным является использование ИА севофлураном по минимально-потоковому контуру (FGF = 400 мл/мин). Выводы. Разработан алгоритм анестезиологического ме-неджмента у пациентов с синдромом тиреотоксикоза при тиреоидэктомиях с обоснованием использования ингаля-ционной низкопотоковой или тотальной внутривенной анестезии. Полученные новые достоверные данные позво-лили разработать персонифицированный подход к выбору метода общей анестезии и периоперационного обезболи-вания с применением комплекса ИА и современных мето-дов контроля за ходом анестезии.
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